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ABSTRACT
Objective : Exacerbations are linked to a poor prognosis of patients with chronic obstructive pul-

monary disease (COPD). Eosinophilia is an important determinant of COPD phenotypes and is asso-
ciated with a high frequency of exacerbation and the increased effectiveness of inhaled corticoste-
roids. We examined the clinical characteristics of patients with COPD exacerbations, including eosin-
ophilia.

Methods : This was a single-center, retrospective study. A total of 138 patients with COPD from 
January 2018 through December 2019 were reviewed and evaluated on the basis of characteristics, 
biomarkers, pulmonary function, and the number of exacerbations.

Results : The analysis of 43 patients with moderate-to-severe exacerbations and 95 without ex-
acerbations demonstrated that risk factors for moderate-to-severe exacerbations were the body mass 
index (odds ratio : 0.87, p=0.017) and the severity of COPD (odds ratio : 2.8, p=0.032). Further-
more, risk factors for severe exacerbations were greater age and a history of exacerbations. The fre-
quency of inhaled corticosteroids use was significantly greater for patients with eosinophilic (eosino-
phil ≥ 300/µl or≥5%) COPD (21 patients ［33%］) than patients with noneosinophilic COPD (4 
patients ［5%］, p<0.0001), but the number of moderate-to-severe exacerbations did not differ.

Conclusions : Risk factors for exacerbations in patients with COPD are greater age, lower body 
mass index, severe COPD, and a history of exacerbations. Treatment with inhaled corticosteroids 
might decrease the risk of exacerbation, especially in patients with eosinophilia.

 (Jikeikai Med J 2021 ; 68 : 99-109)

Key words :  chronic obstructive pulmonary disease, exacerbation, body mass index, eosinophil, in-
haled corticosteroid, pneumonia

Introduction

Chronic obstructive pulmonary disease (COPD) is 

characterized by airflow limitations and respiratory symp-

toms, such as cough and dyspnea. Exposure to noxious par-

ticles or gases, including cigarette smoke, is the main cause 

of COPD1. The mortality rate of patients with COPD is in-

creasing worldwide1. Although the prevalence of COPD in 



T. NUMATA, et al.100 Vol. 68, No. 4

Japan in 2000 was 8.6%, only a small proportion of patients 

were treated for COPD2. Furthermore, the airflow limita-

tion is progressive and cannot be completely reversed by 

treatment with the available bronchodilators1.

Based on the definition of the Global Initiative for 

Chronic Obstructive Lung Disease (GOLD), the exacerba-

tion of COPD is represented by a worsening of respiratory 

symptoms and leads to a change in medication. The exacer-

bation of COPD is an important prognostic factor, and se-

vere exacerbation has been reported to increase the mortal-

ity rate3. Exacerbation has been shown with cluster analysis 

to be classified into 4 different phenotypes : bacterial-pre-

dominant, viral-predominant, eosinophil-predominant, and 

pauci-inflammatory4. These phenotypes of COPD exacerba-

tion have been suggested to affect the efficacy of treatment.

The standard treatment of COPD is the inhalation of 

long-acting bronchodilators containing long-acting β2 ago-

nists and long-acting muscarinic antagonists1,5. The 2020 

GOLD report suggested categories that could be used to 

guide therapeutic decision-making based on the symptoms 

and the number of exacerbations or hospitalizations1. Sev-

eral randomized controlled trials have reported the efficacy 

of additional inhaled corticosteroids with regard to reducing 

exacerbations, which are sometimes associated with the pe-

ripheral blood eosinophil (PBE) count6,7. Accordingly, the 

GOLD report recommends the use of not only long-acting 

bronchodilators but also additional inhaled corticosteroids 

for patients with symptomatic COPD and frequent exacer-

bations, especially those with eosinophilia (≥300/µl)1. How-

ever, the efficacy of inhaled corticosteroids as a treatment of 

eosinophilic COPD and the association of treatment with in-

haled corticosteroids and the number of COPD exacerbations 

in the real-world clinical setting remain unclear in Japan8.

Accordingly, we performed the present single-center, 

retrospective study to determine the association between 

exacerbations and patient characteristics, including COPD 

phenotype and inhaled corticosteroid treatment.

Methods

Study objective and design

The objective of the study was to determine the risk 

factors for exacerbation in terms of clinical characteristics, 

including the COPD phenotype. This study design is a sin-

gle-center, retrospective study.

Patients

We examined patients who had COPD and had regular-

ly attended The Jikei University Hospital for at least 12 

months from January 2018 through December 2019. The 

COPD in all patients had been diagnosed by respiratory 

physicians on the basis of GOLD guideline 20179 and Japa-

nese Respiratory Society guidelines regarding COPD5. Cas-

es of COPD with an eosinophilic phenotype, referred to as  

“eosinophilic COPD” was defined as COPD with eosino-

philia (PBE count ≥ 300/µl or percentage of eosinophils ≥

5%)10,11. Laboratory data were collected during the period of 

stable disease status before the data cutoff (December 31, 

2019).

An exacerbation of COPD was defined as worsening of 

the patient's symptoms of cough, sputum, or breathlessness 

requiring a change in medication. Exacerbations were clas-

sified as “moderate” if additional treatment with systemic 

corticosteroids or antibiotics or both was required and were 

classified as “severe” if hospitalization was required. Mild 

exacerbation required occasional use of short-acting β2 ag-

onists and was not included in the study. Because the inci-

dence of exacerbations is lower in Japanese patients with 

COPD than in European patients and because the rate of 

complications with pneumonia is higher in Japan owing to 

the widespread use of computed tomographic imaging12,13, 

patients with pneumonia were not excluded from the groups 

of patients with exacerbations.

The exclusion criteria were the patient visiting for less 

than 12 months and being hospitalized for reasons other 

than COPD exacerbations, such as a cardiac event, surgery, 

and the treatment of lung cancer. Also excluded were pa-

tients with asthma-COPD overlap1. Finally, 138 patients 

with COPD were reviewed and analyzed.

This study was approved by the Ethics Committee of 

The Jikei University School of Medicine for Biomedical Re-

search (32-237 ［10318］). Based on the ethics guidelines of 

The Jikei University, the need to obtain written informed 

consent was waived because of the retrospective design, 

and an opt-out consent statement was posted on the web-

site of our hospital.

Data collection and evaluation

The following characteristics of each patient were 

reviewed : sex, age, smoking status, body mass index 

(BMI), and baseline treatments. The following variables 
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were examined when the patient’s condition was stable :  

peripheral white blood cell count, PBE count, serum immu-

noglobulin E, pulmonary function test results (forced vital 

capacity ［FVC］, forced expiratory volume in 1 second 

［FEV1］, FEV1/FVC, and the percentage of predicted FEV1 

［%FEV1］), comorbid pneumonia, and the number of moder-

ate-to-severe exacerbations in the past 5 years. All enrolled 

patients were evaluated with no distinction between those 

with persistent eosinophilia and those with intermittent eo-

sinophilia. The number of annual exacerbations of COPD 

was defined as the total number of exacerbations ×12/the 

total duration of the observation period (months). All pa-

tients who had been hospitalized had undergone blood tests 

and computed tomography of the chest. The primary goal 

was to identify risk factors for moderate-to-severe exacer-

bations. The secondary outcome was to identify the clinical 

characteristics of patients with eosinophilic phenotypes and 

the risk factors for pneumonia.

Statistical analyses

All statistical analyses were performed with the soft-

ware program StatView version 5 (SAS Institute, Inc., Cary, 

NC, USA). All values are expressed as the means±stan-

dard deviations. A p-value<0.05 was considered statistical-

ly significant. The factors associated with patient character-

istics were examined with Mann-Whitney U tests, Fisher’s 

exact tests, chi-square tests, or Wilcoxon signed-rank 

tests. Evaluations among multiple groups were performed 

with analysis of variance and Bonferroni post hoc correc-

tion. Univariate logistic regression was performed with the 

following variables, which were reported in previous stud-

ies as risk factors for exacerbations and pneumonia : sex 

(male), age, BMI, COPD severity (GOLD stage≥III), PBE 

count (≥300/µl), history of exacerbations, current inhaled 

corticosteroid use, and current dual use of bronchodilators 

(long-acting β2 agonists/long-acting muscarinic antago-

nists). A multivariate logistic regression was then per-

formed to evaluate the variables that achieved a value of 

p<0.20 in the univariate models.

Results

Patient characteristics and COPD exacerbation

Of the 138 patients with COPD, 43 had moderate-to-

severe exacerbations in the previous year and 95 patients 

did not (Table 1). Patients with exacerbation in the previous 

year, compared with patients without, had significantly 

greater age (76.4 vs. 72.5 years, p=0.01), lower BMI (21.4

±3.4 vs. 24.0±4.0 kg/m2, p=0.0004), greater severity of 

COPD,  and  poorer  pu lmonar y  funct ion  (such as 

%FEV1 : 57.1±21.6 vs 71.3±18.0 %, p=0.0002). The av-

erage number of moderate-to-severe exacerbations per 

year in the past 5 years (mean observation period, 45.4 

months) was significantly greater in patients who had mod-

erate-to-severe exacerbation in the previous year (1.08±
1.07/person-year) than in patients who did not (0.08±0.19/

person-year, p<0.0001). Furthermore, the mean number of 

moderate-to-severe exacerbations in the previous year was 

directly related to the severity of COPD (Fig. 1).

Risk factors for moderate-to-severe and severe exacerbation

Risk factors for moderate-to-severe exacerbations of 

COPD, as shown with univariate and multivariate logistic re-

gression analysis (Table 2), were the BMI (odds ratio ［OR］, 
0.87 ; 95% confidence interval ［CI］, 0.77-0.97 ; p=0.017］ 
and COPD stages III and IV (OR, 2.8 ; 95% CI, 1.1-

7.0 ; p=0.032). Furthermore, analysis with univariate and 

multivariate logistic regression models (Table 2) showed that 

the risk factors for severe exacerbations were greater age 

(OR, 1.11 ; 95% CI, 1.02-1.21 ; p=0.013) and a history of 

exacerbations (OR, 8.8 ; 95% CI, 2.2-34.4 ; p=0.002). In 

contrast, eosinophilia was not a significant risk factor for 

COPD exacerbations.

Comparison of patients with or without an eosinophilic pheno-

type

Of the 138 patients, 64 had the eosinophilic COPD 

phenotype and 74 had the noneosinophilic COPD pheno-

type (Table 3). The PBE count during a period of stable dis-

ease status without exacerbation and the percentage of pa-

tients being treated with inhaled corticosteroids were both 

significantly higher in patients with eosinophilic COPD than 

in patients with noneosinophilic COPD. Furthermore, the 

average number of annual moderate-to-severe exacerba-

tions in the previous 5 years was higher, but not to a signifi-

cant degree, in patients with eosinophilic COPD (0.47±
0.87) than in patients with noneosinophilic COPD (0.32±
0.67, p=0.05).

Of the 64 patients with eosinophilic COPD, 22 (34%) 

had an exacerbation in the previous year (Table 3). Signifi-
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cant differences in these patients, compared with patients 

without an exacerbation, were greater age (77.3±9.1 years 

vs 71.4±7.7 years, p=0.03), poorer pulmonary function 

(such as %FEV1 : 56.6±18.3 vs 70.6±19.4, p=0.006), low-

er PBE count (335±81/µl vs 432±133/µl, p=0.004), and 

greater average annual numbers in the previous 5 years of 

moderate-to-severe exacerbations (1.14±1.22 vs 0.12±
0.22, p<0.0001) and of severe exacerbations (0.24±0.33 vs 

0±0, p<0.0001). Of patients with eosinophilic COPD, 8 

stopped being treated with inhaled corticosteroids within 

the previous 5 years ; this cessation of treatment was due 

to the absence of asthmatic features (n=4), pneumonia 

(n=1), and undetectable reasons (n=3). Of these 8 patients, 

3 had COPD exacerbations after treatment had been 

stopped.

Of the 74 patients with noneosinophilic COPD, 21 

(28%) had exacerbations (Table 3). Patients who had had an 

exacerbation, compared with patients who did not, had a 

significantly lower BMI (20.3±2.9 vs 24.0±3.9, p=0.0003), 

poorer pulmonary function (such as %FEV1 : 57.8±25.1 vs 

71.8±17.0, p=0.02), and greater average annual numbers 

in the previous 5 years of moderate-to-severe exacerba-

tions and of severe exacerbations (1.02±0.91 vs 0.04±
0.16, p<0.0001 ; 0.34±0.43 vs 0±0, p<0.0001). In the 13 

Table 1. Characteristics of patients with or without exacerbation of chronic obstructive pulmonary disease

Characteristic All patients
(n=138)

Moderate-to-severe exacerbation in 
previous year 

p value
Patients with

(n=43)
Patients without

(n=95)

Male 120 (87) 36 (84) 84 (88) 0.63 

Mean age (range), years 73.7 (50-92) 76.4 (63-92) 72.5 (50-89) 0.01

Body mass index, kg/m2 (SD) 23.2 (4.0) 21.4 (3.4) 24.0 (4.0) 0.0004

Smoking, former / current 118 / 20 36 / 7 82 / 13 0.89

Smoking index, pack-year 62 (37) 62 (29) 62 (40) 0.46

Phenotypes eosinophilic or noneosinophilic

   Eosinophilic COPD 64 (46) 22 (51) 42 (44) 0.57

COPD stage I / II / III / IV 38 / 69 / 23 / 8 6 / 19 / 13 / 5 32 / 50 / 10 / 3 0.002

FVC, ml 3192 (834) 2812 (896) 3364 (748) 0.0003

%FVC 97.0 (20.8) 90.1 (23.1) 100.1 (19.0) 0.01

FEV1, ml 1738 (636) 1384 (628) 1898 (575) <0.0001

%FEV1 66.9 (20.2) 57.1 (21.6) 71.3 (18.0) 0.0002

FEV1/FVC 53.8 (11.9) 48.9 (13.7) 56.0 (10.3) 0.006

Treatments

   No medication 19 (14) 3 (7) 16 (17) －
   LAMA 19 (14) 4 (9) 15 (16) －
   LABA 17 (12) 4 (9) 13 (14) －
   LAMA/LABA 58 (42) 21 (50) 37 (39) －
   ICS/LABA 11 (8) 7 (16) 4 (4) －
   ICS/LABA/LAMA 14 (10) 4 (9) 10 (10) －
   ICS dose, µg (FP equivalents dose) 507 (218) 494 (135) 515 (260) 0.25 

   Macrolide 12 (9) 5 (12) 7 (7) 0.63 

   Home oxygen therapy 11 (8) 5 (12) 6 (6) 0.47

Total number of moderate / severe exacerbations in previous year 39 / 25 39 / 25 － －
Number of annual exacerbations in previous year / person-year 0.48 (0.88) 1.53 (0.94) － －
   In previous 5 years / person-year* 0.39 (0.77) 1.08 (1.07) 0.08 (0.19) <0.0001

Data are presented as n (% or range) or mean (standard deviation), unless otherwise stated.
P value was analyzed using Chi square test or Mann-Whitney U test between the groups.
*The observation period had a mean length of 45.4 months and maximum 60 months.
Abbreviations :  COPD, chronic obstructive pulmonary disease ; FP, fluticasone propionate ; FVC, forced vital capacity ; %FVC, per-
centage of predicted FVC ; FEV1, forced expiratory volume in 1 second ; %FEV1, percentage of predicted FEV1 ; ICS, inhaled 
corticosteroid ; LABA, long-acting β2 agonist ; LAMA, long-acting muscarinic antagonist
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noneosinophilic COPD (134±74/µl to 51±56/µl ［n=25］, 
p<0.0001, Wilcoxon signed-rank test). Although the length 

of the hospital stay was not correlated with the PBE count 

at the onset of the exacerbation, when the disease status 

was stable the length was correlated with the PBE count in 

patients with eosinophilic COPD (correlation coefficient=

－0.61, p=0.034).

Risk factors for pneumonia

Of the episodes of exacerbation in the previous year, 

33 were complicated by pneumonia in 28 patients, of 

whom 17 (61%) had no previous history of treatment with 

inhaled corticosteroids. During severe exacerbations, epi-

sodes of pneumonia occurred in 11 (92%) of 12 patients 

with eosinophilic COPD and in 12 (92%) of 13 patients 

with noneosinophilic COPD. Risk factors for pneumonia, 

identified with logistic regression analysis, were age (OR, 

1.08 ; 95% CI, 1.00-1.16 ; p=0.046) and a history of exac-

erbation (OR, 7.5 ; 95% CI, 2.0-27.7 ; p=0.003) (Table 4). 

Identified as risk factors for pneumonia in patients with 

noneosinophilic COPD were the BMI (OR, 0.74 ; 95% CI, 

0.56-0.98 ; p=0.035) and a history of exacerbations (OR, 

20.4 ; 95% CI, 2.1-202 ; p<0.001), but a history of in-

haled corticosteroid treatment was not associated with the 

incidence of pneumonia in these patients (OR, 0.41 ; 95% 

CI, 0.06-3.0 ; p=0.38 ; Table 4).

patients with noneosinophilic COPD, the treatment with in-

haled corticosteroids had been stopped within the previous 

5 years ; treatment was stopped because of the absence of 

asthmatic features (n=5), repeated bronchitis/pneumonia 

(n=4), adverse effects (n=2), and undetectable reasons 

(n=2). Of these 13 patients, 5 had COPD exacerbations af-

ter the treatment with inhaled corticosteroids had been 

stopped.

From before to after exacerbation, the mean PBE 

count significantly decreased in patients with eosinophilic 

COPD (335±81 to 183±212/µl ［n=20］, p=0.01) or with 

Fig. 1. � Number of moderate-to-severe exacerbations of COPD
    The mean number of annual exacerbations increased 

with the severity of COPD, and the number of stage III 
or IV exacerbations was significantly greater than that 
of stage I and II exacerbations. T bars represent the 
95% confidence intervals.

Table 2. Logistic regression analysis of risk factors for moderate-to-severe and severe exacerbation

　

 Moderate-to-severe exacerbation Severe exacerbation

Univariate model Multivariate model Univariate model Multivariate model

Odds ratio
(95% CI) p value Odds ratio

(95% CI) p value Odds ratio
(95% CI) p value Odds ratio

(95% CI) p value

Sex, male 0.67 (0.24-1.9) 0.45 0.94 (0.25-3.6) 0.93

Age 1.07 (1.02-1.13) 0.008 1.04 (0.98-1.10) 0.19 1.13 (1.05-1.21) 0.0008 1.11 (1.02-1.21) 0.013

Body mass index 0.83 (0.74-0.92) 0.007 0.87 (0.77-0.97) 0.017 0.78 (0.68-0.91) 0.0012 0.84 (0.70-1.01) 0.06

COPD stage III / IV 4.5 (2.0-10.5) 0.0004 2.8 (1.1-7.0) 0.032 3.8 (1.4-9.9) 0.007 1.2 (0.34-3.9) 0.82

History of exacerbation, yes － >0.99 10.5 (3.2-34.6) 0.0001 8.8 (2.2-34.4) 0.002

PBE count ≥  300 /µl 1.1 (0.56-2.4) 0.71 0.85 (0.34-2.2) 0.73 

History of ICS treatment†, yes 2.0 (0.94-4.2) 0.07 1.7 (0.71-3.9) 0.24 2.3 (0.92-5.8) 0.08 2.3 (0.72-7.1) 0.16

Dual bronchodilators‡, yes 1.4 (0.69-2.9) 0.35 　 　 1.8 (0.68-4.5) 0.24 　 　
†Forty-six patients had history of ICS treatment.
‡LAMA/LABA treatment
In multivariate model, we selected the parameters which p values were less than 0.20 in a univariate model.
Abbreviations : CI, confidence interval ; COPD, chronic obstructive pulmonary disease ; PBE, peripheral blood eosinophil ; ICS, in-
haled corticosteroid ; LABA, long-acting β2 agonists ; LAMA, long-acting muscarinic antagonists
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Discussion

The present study has found that the mean number of 

moderate-to-severe exacerbations in patients with COPD 

was approximately 0.4 to 0.5/person-year, which was com-

parable to the numbers in previous studies in Japanese pa-

tients but fewer than in studies of European  patients12,13. 

For the exacerbation rate being lower in Japan than in other 

countries, several reasons have been suggested and include 

behavioral characteristics, access to medical care, environ-

mental factors, and strict COPD diagnostic criteria14. Con-

sistent with previous studies, the present study has shown 

that patients with exacerbations had a significantly greater 

age, lower BMI, poorer pulmonary function, and previous 

exacerbations. Although the present study was retrospec-

tive and involved only a single hospital, we believe that the 

patients reflect the general COPD population in Japan.

As a clinical biomarker of the characteristics of COPD, 

the PBE count has recently attracted attention15,16. An ele-

vated PBE count has been reported to be associated with 

not only a higher frequency of COPD exacerbations but also 

shorter hospital stays and lower mortality rates11,17-20. Al-

though previous randomized controlled trials and clinical 

studies have demonstrated the usefulness of a PBE count≥

150/µl6,18,21, the present study used a PBE count≥300/µl on 

the basis of the GOLD guidelines 20201 and other re-

ports11,20-24. Although a previous study of 2 worldwide 

COPD cohorts has demonstrated that 43% to 60% of pa-

tients had a persistent or intermittent PBE count≥300/µl 

based on the 3 measurements at different timepoints20, sev-

eral studies of Japanese patients with COPD have demon-

strated that such a PBE count was present in approximately 

20% of patients25,26. In disagreement with previous Japanese 

studies, the present study found that the prevalence of eo-

sinophilic COPD was 46% in all patients. In the present 

study, we defined the eosinophilia phenotype on the basis of 

a single blood examination during a time of stable disease 

status. We also reclassified the phenotypes of eosinophilia 

by using 3 measurements at different timepoints : 25% 

were persistent, and 23% were intermittent eosinophilia, 

which was similar to previous reports20,25,26. Furthermore, 

clinical characteristics, other than the PBE count, did not 

differ significantly among patients with persistent, intermit-

tent, and noneosinophilic COPD phenotypes at baseline 

(data not shown). Therefore, we believe that our definition 

of the eosinophilic COPD phenotype is comparable to those 

from previous studies.

Previous studies have found that therapy including in-

haled corticosteroids can reduce the exacerbation rate and 

that systemic corticosteroid therapy is useful for severe ex-

acerbations, especially in patients with eosinophilic 

COPD27,28. Because the present study found no significant 

difference in the number of annual exacerbations between 

patients with eosinophilic COPD and patients with noneo-

sinophilic COPD, we speculate that the explanation is the 

more frequent use of inhaled corticosteroids for patients 

with eosinophilic COPD. The PBE count during exacerba-

tion has been reported to be elevated, based on a cutoff val-

ue of 150/µl or 2%, in 20% to 40% of patients with 

COPD4,29,30. Consistent with this observation, of the 58 epi-

sodes of moderate-to-severe exacerbations in the present 

study, 45 were documented with blood tests, and 13 (29%) 

were eosinophilic exacerbations. However, systemic corti-

costeroid therapy was often performed regardless of the 

exacerbation’s phenotype. Hence, in future studies, more 

patients should be included and the appropriate systemic 

corticosteroid treatment strategy based on the exacerbation 

phenotype should be examined.

The length of hospital stay has been reported to be in-

versely correlated with the PBE count at the onset of 

COPD exacerbation17,19. However, in the present study the 

PBE count, while the disease status was stable but not at 

the onset of an exacerbation, was inversely correlated with 

the length of hospital stay of patients with eosinophilic 

COPD. A previous study showed that an increased PBE 

count when the disease status was stable might be associat-

ed with a higher frequency of exacerbations, mainly due to 

eosinophilic inflammation31. Although the PBE count at the 

onset of exacerbation was decreased in patients with either 

eosinophilic COPD or noneosinophilic COPD in the present 

study, the absolute eosinophil counts were significantly 

higher in patients with eosinophilic COPD (183±212/µl) 

than in patients with noneosinophilic COPD (51±56/µl, 

p=0.04, Table 3). Accordingly, an increased PBE count 

while the disease status is stable and a relatively high eo-

sinophil count with a concomitantly increased neutrophil 

count at the onset of exacerbation likely indicate the coexis-

tence of both eosinophilic and neutrophilic inflammation 

during an exacerbation in patients with eosinophilic COPD4. 

The coexistence of several different causes of COPD exac-
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erbation is not surprising, and bacterial infection was most 

involved in COPD exacerbations in the present study, re-

sulting in a decreased PBE count at the onset of exacerba-

tions in patients with either eosinophilic or noneosinophilic 

COPD. Hence, we speculate that PBE, while the disease 

status is stable, more properly reflects the coexistence of 

eosinophilic inflammation and the response to corticoste-

roid treatment in the context of COPD exacerbations 

caused by bacterial infections in patients with eosinophilic 

COPD.

The present study demonstrated, with multivariate lo-

gistic regression analysis, that the risk factors for moder-

ate-to-severe exacerbations were BMI and COPD stage, a 

finding that is consistent with those of previous studies12,20. 

However, the PBE count and inhaled corticosteroids use 

were not associated with moderate-to-severe exacerba-

tions. Although a meta-analysis has found that patients with 

COPD but without eosinophilia have more episodes of 

pneumonia than do patients with eosinophilia among pa-

tients receiving inhaled corticosteroid treatment32, multi-

variate logistic regression analysis in the present study 

found that inhaled corticosteroid use was not associated 

with the prevalence of pneumonia in all patients or in pa-

tients with noneosinophilic COPD (Table 4). In general, in-

haled corticosteroid therapy for patients with COPD has 

been reported to increase the risk of pneumonia, particular-

ly in patients with greater age, lower BMI, severely limited 

airflow, and a low PBE count24. On the other hand, the risk 

of pneumonia might depend on the type of inhaled cortico-

steroid24,33, and inhaled corticosteroid therapy for patients 

with COPD in Japan might not significantly increase the 

risk of pneumonia34, owing to ethnic differences13. We spec-

ulate that the lack of association of inhaled corticosteroid 

treatment with pneumonia in the present study has several 

explanations. First, the mean age of patients (74 years) in 

the present study was greater than in randomized con-

trolled trials (65 years)35,36. Age is a strong risk factor for 

pneumonia and might have decreased the effect of inhaled 

corticosteroids. A second explanation is that the dose of in-

haled corticosteroids was lower in the present study than in 

previous studies and can be attributed to the difference in 

the approved dosage for COPD in Japan (1,000 µg vs. 500 

µg of fluticasone propionate equivalent dose). These facts 

suggest that in patients with COPD and an eosinophilic 

phenotype, inhaled corticosteroid use reduces the rate of 

moderate-to-severe exacerbations without increasing the 

risk of pneumonia.

Despite its findings, the present study has several lim-

itations. First, although we believe a benefit of this study is 

the use of real-world data from Japan, this single-center, 

retrospective study enrolled only 138 patients ; therefore, 

future studies should include more patients. A second limi-

tation is that we could not adjust for systemic comorbidi-

ties. We focused on examining the risk of COPD exacerba-

tion but not on the risk of death from exacerbations, and 

adjustment for comorbidities may be unnecessary. A third 

limitation of the present study is that because single inhaler 

triple therapy has only recently become available in Japan, 

it has been administered to few patients. The difference be-

tween single-device and multiple-device inhalers is 

unclear ; however, single-inhaler triple therapy might im-

prove adherence. In the future, prospective studies with a 

larger cohort are needed to clarify the relationship between 

inhaled corticosteroid use and the risk of exacerbation in 

Japanese patients and to evaluate the effects of systemic co-

morbidities.

Conclusions

Consistent with previous studies, the present study 

identified greater age, lower BMI, severe COPD, and a his-

tory of exacerbation as risk factors for moderate-to-severe 

exacerbations in Japanese patients with COPD. Although 

we did not observe, with multivariate logistic regression 

analysis, an association between the use of inhaled cortico-

steroids and the risk of exacerbation, treatment with in-

haled corticosteroids might decrease the risk of exacerba-

tion in patients with COPD and eosinophilia.
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